• Although the dog remains the standard surgical laboratory animal, its extensive collateral circulation makes complete interruption of cerebral blood flow quite difficult. A simple yet reliable canine model for the study of cerebrovascular insufficiency would seem desirable. We have found that complete division of the left subclavian and right brachiocephalic arteries and their major branches can be rapidly performed through a small left thoracotomy. This interruption of blood supply is incompatible with resumption of normal respiratory function, consciousness, or survival, and can be used to evaluate extra-anatomic grafts or anastomoses.
Introduction
• About 70% of human cerebrovascular stenotic or occlusive pathology occurs in arteries of the neck or chest. Such atherosclerotic pathology is difficult if not impossible to reproduce in animal models, however. At present, experimental recourse must be taken to surgical reduction or interruption of brachiocephalic blood flow if the more common patterns of human atherosclerotic cerebrovascular disease are to be even crudely simulated in the laboratory.
Extra-anatomic arterial bypass grafts or anastomoses are recognized, if not fully evaluated, therapeutic modalities for some of these more advanced clinical situations of cerebrovascular insufficiency. For surgical research projects examining new or improved extra-anatomic bypass techniques, it is important that a dependable cerebral ischemia model be available for subsequent evaluation of these anastomoses. Not only should this ischemia model be constantly effective (i.e., a demonstrable degree of cerebral ischemia must always result), but it must be as atraumatic as possible. To keep the surgical imposition of cerebral ischemia relatively atraumatic, expeditious anatomical exposure of the vessels to be occluded is most important. If this anatomical ap-proach is identical to that used for the bypass grafts or anastomoses being evaluated, then the total surgical manipulations are, of course, considerably reduced.
A left thoracotomy at the first intercostal space will obtain excellent exposure of the right brachiocephalic and left subclavian arteries and their major branches. These vessels contribute virtually the entire arterial supply for the head and neck, excluding the relatively small anterior spinal artery. Division of these arteries is readily accomplished with a minimum of dissection at the first interspace level, and numerous recipient vessels (both proximal carotids and vertebrals, for example) are nicely exposed should an extra-anatomic arterial link-up be planned. Significant narrowing or occlusion at the carotid-vertebral takeoffs (or in the innominate itself) is not at all uncommon in patients afflicted with advanced atherosclerosis. The development of improved surgical bypass techniques might eventually be of potential benefit to some of these patients with symptoms of cerebrovascular insufficiency.
Methods
Eighteen large mongrel dogs weighing between 16 and 26 kg were selected. Anesthesia consisted of intravenous sodium pentobarbital, 25 mg per kilogram, and all animals continued to breathe spontaneously following sodium pentobarbital injection. An endotracheal tube was put in place and the Harvard respirator and O 2 flow adjusted to maintain blood gases and pH within physiological limits. Blood gases and pH were checked every 30 minutes. Intravenous fluids consisted of normal saline (1.5 liters average infusion).
Bitemporal stainless steel EEG electrodes were inserted just above each zygoma, and a "ground" lead attached to From a right lateral decubitus position, the left forelimb was extended anteriorly to facilitate exposure. A left thoracotomy was made at the first intercostal space, and a rib spreader was inserted and the left subclavian artery identified. It and its major branches (vertebral, costocervical, mammary, omocervical and axillary) were individually tied and divided so that the distal trunk of the left subclavian could be excised ( fig. 1) . The left phrenic nerve was carefully identified and its continued integrity checked with a nerve stimulator. Subsequently the right brachiocephalic trunk and its main branches (both carotids, vertebral, costocervical, mammary, omocervical, and axillary arteries) were ligated and divided in that order. The chest was then closed in four layers over a small chest tube which was connected to an underwater seal. Position of the chest tube was checked periodically to maintain good fluctuations in the chest bottle.
Results
Eighteen dogs underwent the arterial divisions mentioned above (table 1) . Six control animals had a mammary-to-carotid artery anastomosis performed prior to complete interruption of the brachiocephalic arterial outflow. These six control dogs promptly regained consciousness and appeared neurologically intact the next day (the anastomosis techniques will be reported elsewhere). No significant changes in EEG. nose temperature, or respiratory pattern occurred. Decerebrate posturing did not occur, and prolonged ventilatory support was not required (table 1) . Blood pressure rose in all 18 dogs following shut-off of the left subclavian group, and then rose further after division of the last right-sided brachiocephalic vessel.
The pressor response at its peak was higher for the 12 dogs without anastomosis than for those with an anastomosis, but the differences are not significant statistically (P > 0.05).
All 12 dogs which underwent brachiocephalic shut-off without anastomosis died of respiratory failure, although ventilation was continued for at least three hours after shut-off in all 12 animals (each remained hypertensive until respiratory support was terminated). Ten dogs showed at least some spontaneous respiratory activity following these ligations, and in nine the respiratory pattern was initially markedly deep and rapid. However, this hyperventilation lasted only a few minutes in each case, giving way to more shallow, less frequent, progressively ataxic respirations. Two dogs simply became apneic following last vessel shut-off, although all 12 were breathing adequately following induction of anesthesia.
EEG was satisfactorily recorded in 17 dogs, and slowed significantly following complete brachiocephalic shut-off in each animal not protected by an extra-anatomic anastomosis. These 11 animals later developed an isoelectric EEG recording prior to death at a time when blood pressure and blood gases were still within physiological limits. Nine dogs assumed decerebrate postures following last vessel ;hut-off.
Head temperature was satisfactorily recorded in 17 cases, and did not change in the six control dogs vith mammary-carotid anastomosis. An average emperature drop of 5.3°C, however, occurred in hose dogs undergoing complete brachiocephalic irterial occlusion without anastomosis.
The brain of each of the 12 dogs dying from total >rachiocephalic occlusion was carefully removed, weighed on blotting paper, and immersed in formalin (the detailed gross and microscopic findings will be reported in a future publication). Each brain appeared slightly swollen and extremely pale. Very little blood was seen within the carotid arteries either with the naked eye or through the operating microscope at 10 X. The cortical veins appeared mildly engorged. In one animal which was decerebrate but with good blood pressure and blood gases, the left common carotid was exposed with minimal dissection and opened. No blood flow whatsoever was present.
Discussion
Numerous techniques for producing canine cerebral ischemia have been developed and are summarized in table 2.
1 " 32 Marshall's 4 method is similar to ours in that major thoracic arteries are ligated, namely the brachiocephalic trunk, subclavian, mammaries, and upper five intercostals. However, ligation of these intercostals involves a more extensive thoracic dissection at the fourth or fifth intercostal space level. A first intercostal space exposure such as we used permits the lung apex to be more easily and gently retracted and all major divisions of the subclavian and brachiocephalic trunks may be readily exposed and divided. This achieves more complete interruption of cervical and thoracic muscular collaterals, and several vessels are conveniently available should a graft or anastomosis project be contemplated.
Guyton
14 used bilateral lower cervical incisions to interrupt both subclavian, axillary, mammary, costocervical, omocervical, vertebral and carotid arteries. This approach has the advantage, as does ours, of a more complete division of potential cervicalthoracic collaterals. However, it necessitates two separate incisions and very difficult neck dissections. The probability of hemorrhage from the veins near and around the brachial plexus is substantial, as is the chance of pneumothorax. White's 2 method of basilar occlusion and bilateral carotid system division produces immediate apnea and decerebration, but requires a potentially dangerous craniotomy and two difficult, lengthy neck dissections. Comparatively, our small thoracotomy approach is technically much easier and faster to perform. All of these arterial occlusion methods, however, have the advantage of not interfering with cardiopulmonary functions significantly; in fact, marked systemic arterial hypertension usually accompanies them. This cannot be said of methods such as ventricular fibrillation, 18 or occlusions of the aorta 5 or great veins. 4 -"• " In addition, these methods and those using cervical tourniquets 48 or increased intracranial pressure 15 ' 33 are not suitable for surgical ischemia models using grafts or anastomoses to circumvent imposed ischemia.
Our model does not achieve total cerebral ischemia because a considerable period of time is required for complete flattening of the EEG. Some 
Rabbit
Goat Clamp both carotids and both vertebrals and one occipital artery. 27 Clamp carotids in neck including thyroid and occipital arteries. 28 Clamp common brachiocephalic above aorta and both mammaries. 28 Respiration failed 28 to 35 seconds after occlusion.
No reflow to certain areas after five minutes. Ischemia.
Death from apnea.
Survival.
75% die after 15 minutes. 4 0 % die after 10 minutes. 2 0 % die after 5 minutes.
Clamp carotids in neck. 29 
Sheep
Survive.
Rhesus monkey
Simultaneous unilateral ligation of vertebral, common, internal and external carotids. 30 Ligation major cervical vessels on one side and common carotid on other side. 30 Occlude both carotids and vertebrals for 30 minutes. Find collateral from intercostal and omocervical vessels. 31 Clamp aorta and both venae cavae for 20 minutes. 29 Occlude common carotids and vertebrals. Drain blood from head via catheter into one internal carotid.
32
Clamp brachiocephalic trunk, left subclavian, and both venae cavae. Azygous return permitted. 19 Survive intact.
Death.
6 0 % recover completely.
Recovered but with neurological damage. Survive intact up to 13 minutes. After 14 minutes survive with neurological deficit. Do not survive more than 15 minutes of total cerebral ischemia. Over 50% mortality after 14 minutes of cerebral ischemia. Monkeys survive intact up to 12 minutes.
'Includes review of literature prior to 1935.
blood flow undoubtedly may persist through the anterior spinal-basilar artery system, but it is not enough to sustain brain stem function for very long. Cerebral ischemia is more easily achieved in the cat, where basilar-common carotid artery ligation 21 or cervical common carotid-vertebral artery ligations 25 produce decerebration or apnea respectively. Thoracic innominate-subclavian artery ligation alone also will produce apnea (20 to 60 seconds) in cats. 24 Ischemia is less easily produced in the Rhesus monkey, where drainage of internal carotid blood from the cerebrum must supplement cervical carotid-vertebral ligations .o create total ischemia. 32 Ligation of the monkey :arotids and vertebrals alone 6 ' 30t 31 may or may not aroduce fatal cerebral ischemia. The goat is quite >usceptible to a thoracic ischemia approach in that it las a common brachiocephalic trunk. Clamping of his common brachiocephalic and the internal mamnaries for 15 minutes was incompatible with survival n the majority (75%) of goats. 28 ' M
